Purpose: Interposition of a jejunal tube between the common bile duct and duodenum. Methods: Five adult mongrel dogs of both sexes, weighing on average 22.3 kg (18 to 26.5 kg), were used. Obstructive jaundice was induced by ligation of the distal common bile duct. After one week, a 2.5-cm long jejunal tube was fabricated from a segment of the loop removed 15 cm from the Treitz angle and interposed between the common bile duct and duodenum. Results: The animals presented good clinical evolution and no complications were observed. After 6 weeks, complete integration was noted between the bile duct mucosa, tube and duodenum and a significant reduction in total bilirubin and alkaline phosphatase was observed when compared to the values obtained one week after ligation of the common bile duct.
Introduction
An increase in the diagnosis of asymptomatic gallstones has been observed over the last few years due to the improvement of diagnostic methods, particularly ultrasonography which is routinely performed on patients for various reasons and permits the detection of gallbladder stones. At the same time, laparoscopic cholecystectomy has become a widespread procedure and more patients, even when asymptomatic, wish to undergo surgery. As a result of the increase in the number of cholecystectomy procedures performed, mainly due to the learning curve of each surgeon, the incidence of bile duct injuries has also increased 1, 2, 3, 4, 6, 7, 8, 910 . The incidence of bile duct injuries ranges from 0.1 to 0.3% even at referral centers. In Brazil, a national survey coordinated by Savassi Rocha et al. 11 , analyzing 91,232 laparoscopic cholecystectomy procedures, reported 167 bile duct injuries (0.018%). Injuries to the hepatic bile duct or cystic duct stump, small lateral lesions or short strictures can be treated endoscopically. In these cases, endoscopic retrograde cholangiopancreatography is performed in combination with papillotomy and placement of a nasobiliary catheter or biliary prosthesis 7, 12, 13 . Extensive lateral lesions, complete sectioning or ligation of the bile duct and long strictures require laparoscopic or laparotomic surgical treatment 14, 15, 16, 17, 18, 19 . When the loss of bile substance is small, endto-end reconstruction can be performed as long as the suture can be placed without tension. Usually, a Kehr drain with a contralateral exit is inserted into the bile duct. Since in most cases the borders of the bile duct are separated or the distal portion cannot be identified, bile duct reconstruction is more frequently performed by choledochoduodenal or choledochojejunal Roux-en-Y diversion 20 . At present, good results have been reported for laparoscopic Roux-en-Y biliary-digestive anastomosis 19, 21 . Although being the best therapeutic option for the treatment of proximal bile duct injuries, the disadvantage of a biliary-digestive anastomosis using an excluded jejunal loop is the deviation of bile from the duodenum and proximal jejunum. The absence of bile in these regions has metabolic repercussions and predisposes to the formation of peptic ulcers. In addition, this approach impairs or prevents diagnostic or therapeutic endoscopic access to the bile duct during the postoperative period. Interposition of a jejunal segment between the bile duct and duodenum for biliary reconstruction permits endoscopic access to the bile duct by upper digestive endoscopy. Biliary reconstruction by jejunal interposition has been performed for many years in humans in considerably large series and with good outcomes 22, 23, 24, 25, 26, 27, 28 . However, the disproportion in the caliber between the bile duct and jejunum and the small jejunal segment employed may cause duodenaljejunal-biliary reflux. In addition, bile flow is impaired due to the transverse mucosal folding of the jejunum which may represent an obstacle to bile flow. In order to obtain a more anatomic and physiologic reconstruction of extensive bile duct lesions, we studied bile duct reconstruction in dogs by interposition of a tube consisting of a segment of the small bowel, similar to the procedure used by Monti for continent diversion of the neobladder 29, 30 . The original procedure has been successfully used in humans for both cutaneous diversion of the neurogenic bladder and for ureter reconstruction. The same principle has also been applied to the fabrication of continent gastrostomies, permitting the intermittent insertion of a tube for the introduction of foods during gastrostomy without leakage when the tube is removed 31 . Monti observed that when sectioning the small bowel along its antimesenteric border and reconstructing it in the opposite direction, the small bowel "tube" does not present peristalsis. This tube then receives urine coming from the cranial direction and permits its passage without smooth muscle contraction, i.e., the "tube" permits unidirectional flow. In an attempt to restore the bile duct with a short segment of the small bowel with a caliber proportional to that of the hepatic bile duct and to minimize obstruction provoked by the circular folds of the jejunal segment, we propose in this study the interposition of a jejunal tube between the common bile duct and duodenum. The objective of the present study was to analyze whether the jejunal tube is able to restore bile transit from the previously ligated common bile duct to the duodenum and to reduce laboratory parameters of obstructive jaundice.
Methods
Five adult mongrel dogs of both sexes weighing on average 22.3 kg (18 to 26.5 kg) were used. The surgical procedures were performed at the laboratory of the Discipline of Surgical Techniques and Experimental Surgery, Federal University of Triângulo Mineiro (UFTM). The research project was approved by the Ethics Committee on Animal Experimentation of UFTM. Before the surgical procedures, the animals were deprived of ration for 12 h and of water for 2 h. Obstructive jaundice was induced in the animals by laparoscopic ligation of the common bile duct, and was confirmed before and 1 and 6 weeks after ligation by the measurement of alkaline phosphatase and total bilirubin.
Anesthetic procedure
For laparoscopic ligation of the common bile duct and biliary-digestive diversion, all animals received 0.1 mg/kg acepromazine, intravenously, through the cephalic vein and 0.2 mg/kg morphine, intramuscularly, as preanesthetic medication. After 20 min, anesthesia was induced by the intravenous administration of 5 mg/kg ketamine plus 0.5 mg/kg diazepam. The animals were positioned in supine decubitus on the trough of the surgical table and intubated with an orotracheal tube fitted with a balloon. Immediately after intubation, the probe was connected to an inhalation anesthesia apparatus in a semi-closed valvular circuit using a flow rate of the diluent of 1.0 l/min at 100% oxygen. Anesthesia was maintained with isofluorane administered through a universal vaporizer.
Common bile duct ligation
After anesthesia as described above, antisepsis was performed and sterile fields were placed. A CO 2 pneumoperitoneum was established with a Verres needle introduced into the anterior wall of the abdomen 1 cm below the costal margin and 2 cm left from the midline. The pneumoperitoneum was maintained at about 12 mmHg with a digital inflator (20 liter/min). Four trocars, three measuring 5 mm and one measuring 10 mm, were used. The bile duct was ligated close the upper border of the duodenum and was submitted to blunt dissection using Ethibond 2.0 suture.
Biliary-digestive anastomosis
Seven days after ligation, the animals were anesthetized and submitted to trichotomy, antisepsis and placement of sterile fields. A median laparotomy was performed from the xiphoid to 3 cm below the umbilical scar. Inspection of the abdominal cavity revealed dilatation of the hepatic bile duct upstream of the ligation and dilatation of the gallbladder. The 2.5-cm long jejunal tube was fabricated using a segment of the loop removed 15 cm from the Treitz angle. The intestinal loop was sectioned proximally and distally after ligation of the vascular arcade, thus preserving irrigation of the 2.5-cm long jejunal segment (pediculated flap). The jejunal segment was sectioned along the antimesenteric border in the longitudinal direction, with a vascularized rectangular flap measuring 4 x 1.5 cm thus being obtained. The wall was closed throughout its extension by continuous cross-sectional total invaginating Schmiden type suture using 4.0 captocryl with a 2.5-cm cylindrical needle. The tube was mounted using a No. 6 urethral probe on the mucosal surface of the flap, which facilitated suture and determined the lumen of the tube (Figure 1) .
Interposition of the tube between the common bile duct and duodenum
After fabrication, the tube was moved to the supramesocolic region, with its vascular pedicle being intact and containing the urethral probe, through the opening of the transverse mesocolon on the right side of the middle colic vessels. The dilated common bile duct was dissected and sectioned throughout its circumference, with care taken not to devascularize it. End-to-end common bile duct-tube anastomosis was performed with total continuous sutures in the posterior hemicircumference using a single thread and with total separate simple sutures in the anterior hemicircumference, leaving knots outside the lumen. The previously placed urethral probe was kept inside the tube throughout the duration of the common bile duct-tube anastomosis, and its end was placed inside the dilated common bile duct. For tube-duodenum anastomosis, an opening measuring about 0.4 cm was introduced in the anterior wall of the duodenum, 2 cm distal from the pylorus. Before removal of the probe from the bile duct and tube, the absence of leakage from the common bile duct-tube anastomosis and suture line of the tube was tested by introducing 5 ml physiological saline.
Reconstruction of intestinal transit
An entero-enteral anastomosis was performed after confirmation of good vascularization of the two ends of the loops. Anastomosis was performed by continuous total invaginating suture. After confirmation of hemostasis, laparorrhapy was performed by continuous suture of the aponeurosis and peritoneum using 0 prolene with a 3.5-cm cylindrical needle.
Postoperative care
The antibiotic Baytril (enrofloxacine) was administered only during anesthesia induction at the time of common bile duct ligation and induction and up to the sixth postoperative week for animals submitted to the surgeries for biliary-digestive anastomosis. The animals were sacrificed 7 weeks after ligation of the common bile duct and 6 weeks after biliary-digestive anastomosis. After anesthesia and laparotomy, the common bile duct was identified. The proximal bile duct, jejunal tube and a segment of the duodenum were
Results
All animals showed good clinical evolution until the end of the experiment. After one week, all five dogs presented an increase in total bilirubin (4.24 mg/dl) and alkaline phosphatase (3438 mg/dl) levels when compared to the mean values obtained before common bile duct ligation (0.12 and 57, respectively), with this difference being significant. After 6 weeks, the tubes were found to be viable and well positioned in the five animals studied (Figure 2) and analysis of the removed specimen showed complete integration between the bile duct mucosa, tube and duodenum (Figures 4 and 5) . All animals presented a reduction in total bilirubin (0.12) and alkaline phosphatase (291) 6 weeks after the biliary-digestive anastomosis. A significant difference in total bilirubin (4.24) was observed at the time of biliary-digestive diversion (P=0.00068). There was also a significant reduction in alkaline phosphatase from 3438 after ligation to 291 at 6 weeks after interposition of the tube (P=0.0078). dissected and removed en bloc (Figures 2 and 3) .
Statistical analysis
Descriptive and analytical statistics were used for comparison of the means according to a paired data design (Student t-test for paired data). 
Discussion
After the advent of laparoscopic surgery and routine ultrasound use in clinical practice, today a larger number of patients are submitted to cholecystectomy. As a consequence, a larger number of iatrogenic bile duct injuries have been reported, with the frequency of biliary injuries currently ranging from 0.1 to 0.3%. A multicenter study conducted in Brazil analyzing 91,232 laparoscopic cholecystectomy procedures reported 167 (0.018%) bile duct injuries. The authors concluded that the incidence of bile duct injury is similar for open and laparoscopic procedures and that these injuries increase surgical morbidity and mortality, as well as the time of hospitalization. Reconstruction of the bile duct after iatrogenic injuries usually requires a biliary-digestive anastomosis and frequently the use of an excluded jejunal loop because the distal bile duct cannot be identified. For choledochoduodenal anastomosis a sufficiently long segment of the common bile duct is necessary, which is usually not available during resurgery. In addition, most patients are young and this type of diversion increases the long-term chance of bile duct tumors due to chronic duodenal-biliary reflux. In the present project, anastomosis between the tube and normal bile duct was initially attempted and was possible without the use of a magnifying glass or microscope but the duration of surgery was long and the rate of anastomotic complications was high (18%). After the decision to ligate the common bile duct to promote its dilatation, clipping of the distal common bile duct was initially tried, which caused sectioning of the bile duct and fistulae at the clipping level. Thus, the technique proposed by Kocher in 1997 using ligation with 2.0 suture was then employed. This method was efficient in promoting obstructive jaundice in all five animals studied, with total bilirubin and alkaline phosphatase levels being significantly higher one week after ligation. In an attempt to prevent deviation of bile from the duodenum and proximal jejunum, which is observed when reconstruction is performed with an excluded loop, several investigators have proposed the interposition of a jejunal segment between the hepatic bile duct and duodenum 22, 23, 24, 25, 26, 27, 28 . In addition to the advantage of maintaining bile flow through the duodenum, it is important to guarantee the possibility of endoscopic access to the bile duct during the postoperative period, especially because of the potential risk of stenosis of these anastomoses and consequent recurrent cholangitis. The disadvantage of using the jejunum for interposition is the disproportion in caliber between the loop and the bile duct; in addition, the mucosal folding in the transverse direction functions as an obstacle to bile drainage, with the occurrence of stasis in the interposed jejunal segment. In the present experiment, a reduction in obstructive jaundice, indicating satisfactory bile flow through the tube, and a significant decrease in mean total bilirubin and alkaline phosphatase levels were observed 6 weeks after interposition of the jejunal tube. Another technical problem is the impossibility of using a duodenal-jejunal antireflux system because of the disproportion in caliber between these loops. In this respect, the technique proposed here using the jejunum in the shape of a tube permits adaptation of the tube-bile duct caliber and the mucosal folding of the tube becomes longitudinal, facilitating bile flow. In addition, it is possible to implant the tube in the duodenum as an antireflux mechanism. For example, Monti 29, 30 implanted the tube in the neobladder and used it as a replacement of the ureter, and Araújo 31 employed the tube in gastrostomy. Implantation of the tube in the duodenum, as an antireflux mechanism, is part of another ongoing project in our laboratory, which has yielded partially satisfactory results.
Conclusion
The jejunal tube interposed between the dilated bile duct and duodenum showed good anatomic integration and reduced total bilirubin and alkaline phosphatase levels in the animals studied.
